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Abstract   In this study, thermogravimetric and kinetic data of thermal degradation of 
Malaysian rice husks under air or nitrogen atmospheres are analyzed. Determination of 
elemental  composition,  ash  content  and  gross  calorific  value  of  MRH  and  their 
comparison with other biomass fuel are also conducted. It is found that MRH has a 
gross calorific  value of approximately 15 MJ/kg. Thermogravimetric analysis shows 
that significant thermal degradation occurs within temperature ranges of 230-380 °C 
(nitrogen)  and  230-540  °C  (air)  which  is  primarily  attributed  to  decomposition  of 
hemicellulose  and  cellulose.  Linear  regression  analysis  using  LINEST  function  in 
Microsoft Excel indicates that the nitrogen atmosphere data (order of reaction = 0.44) fit 
the  Arrhenius  model  better  than  the  air  data  (order  of  reaction  =  0.22).  The  data 
obtained from our study can be used for preliminary evaluation of rice husks either as a 
combustible biomass or source for a small-scale thermochemical conversion system.  
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Introduction 
 
Rice husks are the discarded external layers of rice grains which constitute the largest 
milling by-products of paddy, constituting more than 10 % of paddy by weight. It is 
estimated that 3.6 million tonnes of rice husks are produced annually in Malaysia (Lee 
et al., 2005) rendering complications for rice mill operators to dispose of the husks due 
to their abundance. However, since rice husks are essentially biomass which contains 
carbon source, one  can  surmise  its  application  as an auxiliary  fuel.  Rice  husks are 
generally regarded as one of the major biomass fuels used to generate power along with 
wood and oil palm residues (Mohamad-Yusof et al., 2008). The usage of Malaysian rice 
husks  (MRH)  as  a  combustion  source  or  biomass  for  thermochemical  conversion 
application represents a two-pronged approach in solving its disposal dilemma as well 
as providing an inexpensive renewable energy fuel.  
Many pilot-scale initiatives on usage of MRH as a feedstock for energy recovery 
have taken place in Malaysia such as the 1.5 MWe Titi Serong power plant located in 
the northern state of Perak. The plant uses MRH as biomass fuel from the rice milling 
process. The plant is designed to generate 12 tonnes of superheated steam at 25 bar (g) 
at  300  °C  which  are  subsequently  supplied  to  the  1.5  MW  extraction  turbine  for 
electricity generation. As such, it can be said that MRH represents an important biomass 
feedstock in small-scale energy generation in Malaysia (Mokhtar, 2006).  
  The main objectives of the study are to analyze and compare the thermogravimetric 
and kinetic data of thermal degradation of MRH under air or nitrogen atmosphere so 
that these data can aid in the future design of MRH combustors or thermochemical 
converters. Previous related studies on analyses of thermogravimetric and kinetic data 
of thermal degradation of rice husks include research conducted by Mansaray and Ghaly 
(1998, 1999a, 1999b), Markovska and Lyubchev (2007) and Genieva et al. (2008) but to 
the best of the authors’ knowledge, there is no identified study on direct comparison of 
kinetic data in air and nitrogen atmosphere as applied to the Malaysian context.  
 
 
Experimental 
 
Malaysian rice husks (MRH) were obtained from a rice mill located in Tanjung Karang, 
Selangor, Malaysia. Elemental analysis of the RH was performed using Flash EA 1112 
ThermoFinnigan elemental analyzer. The RH were cut, ground and weighed on tin foil 
before inserted into the  instrument. The system  was purged with helium gas at 140 
mL/min prior to flash combustion process. Results were indicated as percentages of 
carbon, hydrogen and nitrogen while percentage of other elements was calculated by 
difference. Thermogravimetric (TG) analyses (under air or nitrogen atmosphere) were 
conducted  via  Mettler-Toledo  TGA/SDTA851  Thermogravimetric  Analyzer.  The 
instrument was set to increase temperature at a rate of 10 °C/min (temperature range: 25 
to 1000 °C) under either pure nitrogen or air atmosphere with a flow rate of 50 mL/min. 
The TG and derivative TG (DTG) curves were recorded concurrently with temperature 
increase. The gross calorific value was determined using an adiabatic calorimeter bomb 
(IKA-WERKE C5003). All analyses were repeated three times to provide an average 
reading.  
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Results and Discussion 
 
Composition and Calorific Value 
 
In general, MRH has a typical chemical composition that corresponds to the following: 
cellulose (40-45%), lignin (25-30%), ash (15-20%) and moisture (8-15%) (Haji-Ali et 
al.,  1992).  To  provide  a  more  detailed  investigation,  elemental  analysis  (ultimate 
analysis) is thus conducted in this study. Table 1 shows the elemental composition, ash 
content and gross calorific value of MRH and comparison with other biomass fuel. The 
experimental values obtained for MRH in this study are consistent with those reported 
for other biomass fuel. The experimental values of MRH (obtained from the Northern 
state of Penang, Malaysia) reported by Mohamad-Yusof et al. (2008) seem to validate 
our findings, though MRH in our study appears to contain less silica judging by our 
lower percentage ash content. Other biomass fuels contain appreciably lesser percentage 
ash content compared to MRH. The high silica content of MRH is due to the presence 
of opaline silica (plant-based hydrated amorphous form of silica) found predominantly 
in the outer epidermis of rice husks (Krishnarao and Godkhindi, 1992; Ryu et al., 1997).  
The gross calorific value represents the experimental value of the higher heating 
value (HHV) concept whereby the latent heat of vaporization of water in the combustion 
products is considered. The HHV includes the heating value of the condensed steam 
given off and HHV at constant pressure measures the enthalpy change of combustion 
with water condensed (Demirbas and Demirbas, 2009). In our study, the gross calorific 
value of MRH appears to be noteworthy considering its high ash content, albeit other 
biomass fuels have higher values by approximately 20%. This implies that MRH may 
be suitable for small-scale energy recovery initiatives.   
 
Table 1 
Elemental composition, ash content and gross calorific value of MRH and comparison 
with other biomass fuel 
  MRH – 
this study 
MRH – 
Penang
a 
Wheat 
straw
b 
Almond 
shell
c 
Sunflower 
shell
c 
           
Elemental analysis           
Carbon (%)  38.60  37.90  43.70  47.90  47.40 
Hydrogen (%)  5.36  5.20  5.08  6.00  5.80 
Nitrogen (%)  0.43  0.14  0.79  1.10  1.40 
Sulfur (%)  Not 
detected 
0.61  0.43  0.06  0.05 
           
Ash content (%)  12.48  18.25  7.60  3.30  4.00 
           
Gross calorific value 
(MJ/kg) 
15.28  14.80  18.91  18.80
  18.00 
           
aFrom Mohamad-Yusof et al. (2008). 
bFrom Arvelakis and Koukios (2002). 
cFrom Demirbas (2002). 
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Thermogravimetric analysis 
 
Figure 1 shows the TG and DTG curves of MRH in air and nitrogen flows. For both 
flows, the MRH experiences a noticeable weight loss by approximately 5 wt % from 25 
to 130 °C due to vaporization of physically adsorbed water. At 230 °C, drastic MRH 
weight reduction begins to occur that ends at around 380 °C (nitrogen) and 540 °C (air). 
This constitutes wt % reduction of about 47 and 76 % for nitrogen and air, respectively. 
The  thermal  decomposition  of  rice  husks  can  be  described  on  the  basis  of  the 
decomposition behaviors of its major constituents: cellulose, hemicellulose, lignin and 
ash (Mansaray and Ghaly, 1999a; Genieva et al., 2008). The first three compounds are 
chemically active and decompose thermochemically in the temperature range of 150-
500°C  (hemicellulose  decomposes  predominantly  between  150  and 350°C,  cellulose 
decomposes  between  275  and  350°C  and  lignin  undergoes  gradual  decomposition 
between 250  and 500°C)  (Antal,  1983; Mansaray  and  Ghaly,  1998). In  the case  of 
nitrogen flow, a significant degradation process takes place from 230 to 380 °C where 
there is generation of volatile compounds due to decomposition of hemicellulose and 
cellulose. From 380 to 640 °C, it further experiences gradual and marginal weight loss 
by approximately 9 wt %. This gradual weight loss is also reported by Mansaray and 
Ghaly (1998) in which they attribute this to lignin conversion to char. In the case of 
oxygen flow, where CO2 is likely produced, the degradation trend is different and rather 
unique since it constitutes a two-stage combustion process (230 to 390 °C; 390 to 540 
°C). Mansaray and Ghaly (1998) coin this two-stage process as ‘two separate reaction 
zones’ where the first reaction zone is attributed to rapid evolution of volatile products 
while in the second zone, lignin, which has lower decomposition rates than cellulose 
and hemicellulose components of rice husk, is gradually reduced to char.  
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Figure 1. (a) TG and DTG (b) curves of MRH in air and nitrogen flows 
 
 
Kinetic Analysis 
 
Kinetic analysis for biomass degradation under air or nitrogen atmosphere is important 
to  quantify  the  relevant  parameters  necessary  for  design  of  combustor  for  energy 
recovery purposes as well as to afford a more in-depth explanation of the degradation 
process.  Kinetic  reaction  parameters  are  determined  using the established Arrhenius 
equation  (Mansaray  and  Ghaly,  1999a;  Yagmur  and  Durusoy,  2009;  Jeguirim  and 
Trouve, 2009):  
 
          (1)  RT E Ae k
/ − =  6
 
where k = rate constant, A = frequency factor, R = universal gas constant, T = absolute 
temperature,  and  E  =  activation  energy  of  the  reaction.  Global  kinetics  of  the 
revitalization reaction is expressed as (Jeguirim and Trouve, 2009):  
 
 
                                       (2) 
 
where wo = initial mass at the start of thermal degradation, wf = final mass at the end of 
thermal degradation, w = mass at time t, 
dt
dw
 = ratio of change in mass with respect to 
time,  n  =  order  of  reaction.  By  integrating  equations  (1)  and  (2),  the  following 
expression is obtained: 
 
 
                       (3) 
 
 
Equation (3) can be written in the following form: 
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Constants B, C and D are determined using linear regression analysis for temperature 
ranges from 230 to 540 °C (air) and 230 to 380 °C (nitrogen). These temperature ranges 
are chosen because it is previously explained that significant weight loss (significant 
thermal  degradation)  occurs  within  these  ranges.  By  using  the  LINEST  function  in 
Microsoft Excel, B, C and D are quantified and subsequently, A, E and n values are 
determined.  This  LINEST  function  essentially  provides  statistical  information  that 
describe a linear trend matching known data points, by fitting a straight line using the 
least squares method. For this method, we specify the sets of dependent variable (y) and 
independent variables (x and z) from our thermogravimetric data. The third and fourth 
arguments in the LINEST function are both set to be ‘TRUE’ so that the constant B is 
not equal to nil and the statistical parameters used to evaluate the ‘goodness of fit’ of 
our data to the Arrhenius model can be shown. To the best of our knowledge, the ease 
of usage of the LINEST function has not been fully exploited by previous researchers in 
determining thermal degradation kinetic parameters.  
  Table 2 shows the determined kinetic and statistical parameters as a result of the 
regression analysis. Our analysis evidently indicates that the nitrogen atmosphere data 
fit the Arrhenius model far better than the air data since the former has correlation of 
determination, R
2 value which is almost at unity and lower σres value. This indicates that 
for  nitrogen,  predicted  data  points  are  close  to  experimental  data  points  while  the 
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opposite is true for air. It is noteworthy to point out that the determined n value for air is 
consistent with previous reported n values for combustion of rice husks (Mansaray and 
Ghaly, 1999a) which are lower than 1. According to IUPAC, the frequency factor, A 
expresses the empirical temperature dependence of the rate coefficient on temperature. 
The  high  A  value  for  nitrogen  data  (at the  order  of  10
6)  has  also  been  previously 
reported for air (21 % oxygen and 79 % nitrogen) degradation of Lemont LG and ROK 
14 rice husks varieties (Mansaray and Ghaly, 1999b).  
 
Table 2 
Kinetic and statistical parameters 
Atmosphere  Temperature 
range (°C) 
A (min
-1)  E (kJ/mol)  n  R
2  Standard deviation of 
the residuals, σres 
Air  230 - 540  11.17  28.74  0.22  0.4427  0.9237 
Nitrogen  230 - 380  1.94 × 10
6  80.44  0.44  0.9767  0.3406 
 
 
Conclusions 
 
The thermogravimetric and kinetic data of thermal degradation of MRH under air or 
nitrogen atmospheres have been analyzed. Our characterization results seem to indicate 
that MRH may be suitable for small-scale energy recovery initiatives judging by its 
gross calorific  value of approximately 15 MJ/kg. Thermogravimetric analysis shows 
that significant thermal degradation occurs within temperature ranges of 230-380 °C 
(nitrogen)  and  230-540  °C  (air)  which  is  predominantly  due  to  decomposition  of 
hemicellulose and cellulose. Linear regression analysis using LINEST function indicates 
that the nitrogen atmosphere data fit the Arrhenius model far better than the air data 
with orders of reaction less than 0.5 for both sets of data. The data obtained from our 
study are important for preliminary evaluation of rice husks either as a combustible 
biomass or source for a small-scale thermochemical conversion system.  
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